According to Damalas et al. (2015) in the past 70 years, the practice of discarding has 31 increased in northern Mediterranean fisheries. There are many potential factors that could 32 have led to such an increase including inter alia increase in fishing power, changes in market 33 demand, changes in environmental conditions affecting fish community structure, progressive 34 introduction of regulatory measures, and changes in the selectivity of fishing gears (Damalas 35 et al. 2015) . Indeed, 18.6 % of the total catch is regularly discarded in the region (Tsagarakis 36 et al. 2014) . Discarding has been identified as one of the main shortcomings of the EU 37
Common Fisheries Policy (CFP), and is now being phased out by the new and reformed CFP 38 where a large square-mesh panel was applied on the upper portion of the codend. They found 63 that the latter gear was associated with considerably higher mean L50 (50 % retention length) 64 values for all species except four-spot megrim. This was confirmed by Kaykac (2010) for 65 D r a f t D r a f t 4 blue whiting. Herrmann et al. (2015) demonstrated that the release efficiency of a square-66 mesh panel in BACOMA codends, tested in the western Baltic Sea, increased considerably 67 when the panel was applied in the area where the catch accumulates, and concluded that 68 release depended more on its position along the codend than on its area. 69
In general, escapement through a square-mesh panel depends on the probability of fish 70 coming into contact with the panel. This depends on the size and position of the panel in the 71 trawl and on fish morphology in relation to the shape and size of the panel meshes (Herrmann 72 et al. 2009; 2015) . Based on such considerations, this study evaluated whether the release 73 efficiency of a 51.6 mm square-mesh panel placed before a 51.9 mm diamond-mesh codend 74 in a typical bottom trawl improves size and species selectivity in a Mediterranean bottom 75 trawl fishery. The specific objective of this study was to investigate the size-selective 76
properties of the panel meshes and the probability of fish making contact with the panel as 77 they drift toward the codend. 78
Material and methods 79

Experimental design 80
The study was conducted in the Tyrrhenian Sea on board a commercial bottom trawler (206 81 kW, LOA 22.7 m and 67 GT). A typical Mediterranean two-panel bottom trawl was used 82 (Eigaard et al. 2011; Fiorentini et al. 1999; 2004; Notti et al. 2013) . The net was equipped 83 with 230 m long sweeps (+6 m of chain), and Vee otterboards (1.65x1.00 m, 190 kg) 84 (SEAFISH et al. 1993) . All the rigging components (Figure 1 ) of the gear coincide with 85 common commercial practice used in the Tyrrhenian bottom trawl fisheries (Prat et al. 2008; 86 Sala et al. 2009; Notti et al. 2013) . 87 
98
Real time gear performance data (door distance and horizontal and vertical net opening) were 99 obtained with the SIMRAD PI50 catch monitoring system. The selectivity data were collected using the covered codend method (Wileman et al. 1996) . A cover with a nominal mesh 100 opening of 20 mm was supported by circular hoops to keep it clear off the codend and 101 minimize the masking effect (Wileman et al. 1996) . The cover, made from the same PA 102 netting, was approximately 1.5 times larger and longer than the codend, as recommended by 103 Stewart and Robertson (1985) . A panel cover made of 20 mm diamond-mesh netting was 104 used to collect individuals escaping through the panel meshes (Figure 2 ). The panel cover 105 was based on the design described by Wileman et al. (1996) and supported by detachable 106 floats ( Figure 2 ). Details about the covers can be found in Brčić et al. (2015) . At the end of 107 each haul, the catch from each compartment (codend, codend cover, and panel cover) was 108 sorted and the length of all individuals (or a representative subsample for large catches) of 109 Atlantic horse mackerel, European hake, red mullet, poor cod, broadtail shortfin squid, and 110 deep-water rose shrimp, were measured to the nearest 0.5 cm. 111 The selection device was a 51.6 mm square-mesh panel applied before the 51.9 mm diamond-115 mesh codend. In this experimental setup, fish entering the trawl first encountered the panel 116
and could escape if they swam up through it and if their body size, shape, and orientation 117 allowed them to pass through the meshes. If any one of these requirements were not met, the 118 fish entered the size-selective codend, where a further selection process took place. 119
If the fate of one fish is assumed to be independent of the fate of the other fish, the number of 120 fish of length l retained in the three compartments, codend (CD), panel cover (PC) and 121 codend cover (CC) (Figure 2 ), can be modelled using a multinomial distribution with length-122 dependent probability of being retained in the codend r comb (l) (l,v panel ) is the selection model for fish making contact with the panel and having 135 a suitable orientation to achieve a size-dependent probability of passing through the panel 136 mesh, and v panel are the parameters of model rc panel (l,v panel ) . A further assumption is that the 137 probability rc panel (l,v panel (1996) . 142
To obtain the size-dependent codend retention probability rc codend (l,v codend ) , it was assumed 143 that every fish entering the codend came into contact with the codend meshes and that 144 rc codend (l,v codend ) , like rc panel (l,v panel 
Model estimation and model selection 149
The values of parameters C panel , v panel and v codend for selection models (1)- (3) are species-150 specific and were obtained using Maximum Likelihood Estimation (MLE) by pooling the 151 experimental data over hauls j (1 to m) and minimising: 152 (4) with (1) to (3) require pooling the experimental data over 161 hauls. This results in stronger data for average size selectivity estimation, at the expense of 162 not considering explicit variation in selectivity between hauls (Fryer 1991). To account 163 correctly for the effect of between-haul variation in estimating uncertainty in size selection, a 164 double bootstrap method was used to calculate the 95 % Efron percentile confidence intervals 165 (95 % CIs) for the parameters in equations (1) - (3) and for the resulting e panel (l) , e codend (l) and 166 r comb (l) curves. SELNET software (Herrmann et al. 2012) was used for the analysis and 1000 167 bootstrap iterations were applied to estimate the 95 % CIs. 168
The models were validated based on p-value and model deviance versus degrees of freedom 169 (Wileman et al. 1996) . Where p-values were < 0.05 and deviance >> degrees of freedom, the 170 residuals were inspected to determine whether the discrepancy between model and 171 experimental data was the result of overdispersion. 172
Combined vs. codend only selectivity 173
The selection curves of the combined (panel + codend) and codend-only gear and their 174 respective CI were plotted for each species to establish whether the CIs overlapped, to 175 determine if there is a significant difference in selectivity between the gears. 176
Results
177
Eight hauls were performed during the study (Table 1) The two covers enabled separate collection and measurement of the individuals retained by 188 the codend (CD), codend cover (CC) and panel cover (PC) per haul and length class ( Figure   189 2). When total catches were large in the codend and in the codend cover, a subsample was 190 measured, while catches of the panel cover were never subsampled.
191
The most abundant species, deep-water rose shrimp (Table A1 on The average C panel value was lowest for European hake and poor cod, entailing that only 2 % 209 of the individuals of these species had come into contact with the panel. Its relatively narrow 210 95 % CI demonstrates the low contact probability of the two species (Table 2 ). The average 211 contact probability with the panel, estimated for red mullet and broadtail shortfin squid, was 212 also very low, 6 % and 4 % respectively. However, the very broad 95 % CIs prevented 213 drawing any conclusion for this parameter in these species ( Table 2 ). The average contact 214 probability estimated for deep-water rose shrimp was slightly higher than that of European 215 hake and poor cod ( Table 2 ). The highest contact probability was estimated for Atlantic horse 216 mackerel, whose 95 % CI were much greater than those of European hake, poor cod, and 217 deep-water rose shrimp, but not as wide as those of red mullet and broadtail shortfin squid 218 (Table 2) besides reducing the risk of testing the same non-functioning concepts several times. In 258 addition, publishing negative as well as favourable results prevents forming a biased picture 259 (Csada et al. 1996) . Therefore, even though the proposed solution did not deliver the wanted 260 gain in size selectivity, we feel it still provides a useful contribution to the literature. 261
This noted, some caveats are in order. In fact, the present results are based on only eight hauls 262 and on a limited number of length measurements (Table A1 ). This leaves some uncertainty as 263 to the estimated size selection curves, and must to be taken into consideration when drawing 264 conclusions. However, since the uncertainties are reflected in the confidence bands around 265 the size selection curves and the parameters that are provided with the results, the limited 266 number of fish caught and measured in the study should not be a major concern if the 267 confidence bands are considered when drawing the conclusions. 
